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ABSTRACT 

We describe a sample of thirteen bright (18.5 < Bj < 20.1) compact galaxies at low redshift (0.05 < 
z < 0.21) behind the Fornax Cluster. These galaxies are unresolved on UK Schmidt sky survey plates, 
so would be missing from most galaxy catalogs compiled from this material. The objects were found 
during initial observations of The Fornax Spectroscopic Survey. This project is using the Two-degree 
Field spectrograph on the Anglo-Australian Telescope to obtain spectra for a complete sample of all 
14000 objects, stellar and non-stellar, with 16.5 < Bj < 19.7, in a 12 square degree area centered on the 
Fornax cluster of galaxies. The surface density of compact galaxies with magnitudes 16.5 < Bj < 19.7 
is 7±3deg~ 2 , representing 2.8 ± 1.6% of all local (z < 0.2) galaxies to this limit. There are 12 ±3 deg -2 
with 16.5 < Bj < 20.2. They are luminous (-21.5 < M B < -18.0, for H = SOkms" 1 Mpc -1 ) and most 
have strong emission lines (Ha equivalent widths of 40-200 A) and small sizes typical of luminous H II 
galaxies and compact narrow emission line galaxies. Four out of thirteen have red colors and early-type 
spectra, so are unlikely to have been detected in any previous surveys. 

Subject headings: galaxies: compact — galaxies: general — galaxies: starburst 



1. INTRODUCTION 



al. 1995| , |Guzman et al. 1996| , |Guzman et al. 1998|) : 35 



Galaxy detection in many optical surveys, especially have been found m an area of L2de g to a magnitude 
those based on photographic data, suffers strong selection llmlt of B J = 22 - 5 - These are ver y blue wlth lummosi- 
effects as a function of surface brightness. The difficulty of tles ' scale Slzes and emission line spectra typical of nearby 

detecting low surface brightness g alaxies is well accepted luminous HP galaxies (cf. IS alzcr et al. 1989| , [Iterlcvich et 

rtTmpov Rnt.hni T, kr Mailt, 1 QSs| ^rmisnr, kr M f n 9 , 1f; H al. 1991|, pallego et al. 1997| ). Similar gala xies have been 



19951), but at the other extreme, it has been argued that tound at ni g hcr (°- 4 ,< z < X ) redshifts ( [Phillips et al 



jUg .-.■,,„■ Artinn ^■, ^,...lV, : i,.-,,. l ,^ 19971) and their distribution may even extend to z » 3 



galaxies ( |Allen fc Shu 1979| , |van dor Kruit 1987|) . Most 
galaxy surveys based on photographic material (Bj < 21) 
have assumed — imp licitly — that very few , if any, galaxies 
are unresolved (e.g. Maddox et al. 1990a ). Morton, Krug 
& Tritton (1985) attempted to check this, taking spectra 
of all 606 stellar objects brighter than B = 20 in an area 
of 0.31 deg 2 but found no galaxies. Colless et al. (1991) 
found seven galaxies among a sample of 117 faint compact 
objects, but these were so faint (Bj ~ 22.5) that the image 
classifications were not conclusive. 

Ma ny unresolved galaxies have been found in QSO sur- 
veys flDownes fc Margon, 198l| , |Koo fc Kron 1988| , [Boyk 
et al. 1991|) .~ More recently th e Edinburgh-Cape blue ob 



powenthal et al. 1997| ). 

In this Letter we describe a new sample of bright (Bj <; 
20.1), compact galaxies unresolved on the photographic 
sky survey plates commonly used to create galaxy cata- 
logs. Unlike previous work, this sample is from a complete 
spectroscopic survey of all objects in an area of sky, so we 
can estimate the fraction of all galaxies which are com- 
pact. A population of compact ga laxies missing in normal 
galaxy surveys ( e.g. ICollcss 199S ) would be important for 
several reasons (|Schade fc Fct guson 1994| ). 



2. THE FORNAX SPECTROSCOPIC SURVEY 



ject survey ( Stobie et al. 1997 ) and the Anglo- Australian 
Observatory 2dF QSO redshift survey (|Boyle et al. 1998[) 
have produced further examples. Many compact galax- 
ies have also been found among HII galaxies in objective 
pris m surveys: som e 50% of these have starlike morphol- 
ogy ( Mclnick 1987| ). The compact narrow emission line 
galaxies (CNELGs) found in the Koo fc Kron (1988) sur- 
vey have been studied in detail ( Koo et al. 1994 , Koo et 



The Fornax Spectroscopic Survey (see Drinkwater et al 



1998 for details) is designed to provide a census of galax- 



ies in the local Universe free of morphological selection 
criteria. We are using the Two-degree Field spectrograph 
(2dF) on the Anglo- Australian Telescope to obtain spec- 
tra for all 14,000 objects, stellar and non-stellar, in four 
2dF fields (12.5 deg 2 ) centered on the Fornax Cluster, with 
magnitude limits of 16.5 < Bj < 19.7 (and somewhat 
deeper for unresolved images). Our targets are drawn from 
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Unresolved Compact Galaxies 



a UK Schmid t B.j sky survey plat e centered on the For- 
nax Cluster (Phillipps et al. 1987) digiti zed by the Au- 
toma ted Plate Mea suring facility (APM) ( irwin, Maddox 
& MqMahon, 199J). Although we observe objects of all 



morphological types, we used the automated APM classi- 
fications of the objects as "stellar" (probably stars) or "re- 
solved" (probably galaxies) to optimize our photographic 
photo metry. The magnitudes of the resolved objects were 



We obtained Cousins BVI CCD images of our survey re- 
gion using the CTIO Curtis Schmidt Telescope. The low 
spatial resolution (3" FWHM) leaves the compact galaxies 
unresolved but the data allow us to calculate photometry 
and aperture (8" radius) colors. The K-corrected B — V 
colors (Table |) of the emission-line compact galaxies place 
them among the CNELG and HII galaxies, and are consis 



meas ured by fitting exponential intensity profiles to the son fc Tinsley 1978 ) 



tent with relatively high recent star formation rates (Lar- 



run of area against isophotal thr eshold in the APM data 
dDavies et al. 1988| , |Davies 1990| ). The stella r Bj magni 



tudes were taken from t he APM catalog data (Irwin, Mad 



dox & McMahon, 1994) which uses internal self-calibration 
to fit stellar profiles, correcting for the non-linear response 
of the photographic emulsion. 

Here we present preliminary results from the first field 
centered at a = 03 /l 38 m 29 s , 5 = -35°27'01" (J2000) ob- 
served in Semesters 1996B and 1997B. We observed and 
identified 992 (77%) of the resolved objects to a limit of 
Bj < 19.7, 675 (38%) of stellar objects to the same limit 
and a total of 1112 (43%) of the stellar objects to the 
deeper limit of Bj < 20.2. Figure |l| shows the complete- 
ness of our observations as a function of magnitude and 
color. Our main result is that thirteen of the "stellar" 
objects have recession velocities of 14, 000-60, 000km s -1 
(see Table [j]). These galaxies are well beyond the Fornax 
Cluster (v ~ 1500 km s -1 ) and most (nine) have strong 
emission line spectra. 

3. PROPERTIES OF THE NEW GALAXIES 
In Figure we compare the distribution of th e new com- 



pact galaxies to previ ously detected CNELGs (Kooetal 
1994, Koo et al. 1995| ) in magnitude-redshift space. There 



is considerable overlap in absolute magnitude, but as ex- 
pected from a larger area survey with a brighter magnitude 
limit, our galaxies occupy a region in this diagram at lower 
redshift and brighter apparent magnitude. 

The compact nature of the new galaxies prohibits a 
detailed analysis of their scale sizes and central surface 
brightness using our imaging data. The galaxy images are 
unresolved on photographic sky survey plates (l'/5 seeing 
FWHM). We therefore estimate conservative upper limits 
(not correcting for photographic saturation which occurs 
at about 21J3magarcsec -2 ) to their scale lengths to be 
~ 1" (assuming an image FWHM of l'/5). This upper 
limit has been confirmed by a CCD image of one of the 
galaxies taken with the CTIO 8 1.5m Telescope which was 
only marginally resolved in 1'.'2 seeing. At the range of dis- 
tances indicated, this corresponds to physical scale sizes of 
1-4 kpc 9 , somewhat smaller than local spiral galaxies (|di 



Jong 1996) and at least as small as C NELGs and lumi- 
nous H II galaxies ( Phillips et al. 1997| ) . Despite the small 
scales, these galaxies are not dwarfs in terms of their lu- 
minosities which are within a factor 10 or so of L*; indeed 
some of them exceed L*. This is because of their high 
surface brightnesses: the scale size limits of 1" imply cen- 
tral surface brightnesses 19-215 mag arcsec -2 , a s bright 



as the CN ELGs and the luminous HII galaxies (Phillip; 
et al. 1997|) 



The nine emission-line compact galaxies all have strong 
narrow Ha lines: none are resolved at our resolution of 9 A 
or 450 km s _1 . The Ha rest equivalent widths listed in Ta- 
ble nearly all exceed the mean value for our overall back- 
ground sample of emission line objects of EW(Ra) ~ 37 A, 
typical of local spirals ( Kcnnicutt 1992j ). The values for 
the compact galaxies, ^30-1 90 A are more like th ose seen 
in low redshift HII galaxies ( |Gallego et al. 1997 ). Given 
the range of overall sizes of these objects, it is interesting 
to consider what Cowie et al. (1996) call the stellar mass 
doubling time, i.e. the time it would take for the current 
star formation rate (SFR) to double the existing under- 
lying stellar mass. This can be derived directly from the 
equivalent widths: Cowie et al. note that EW(Ha) ~ 60 A 
separates galaxies undergoing rapid star formation, with 
mass doubling times less than 10 10 years, from those with 
moderate SFRs which can be maintained for a Hubble 
time. At the highest SFR, Cowie et al. find that a mass 
doubling time of 2 x 10 9 years empirically corresponds to 
their galaxies with EW(Ha) ~ 125 A. Our fastest star for- 
mers, like J0338— 3545, should have mass doubling times 
of this order. 

In Figure | we show the [OlII]/H/3 vs. [Nil] /Ha emission 
line ratio diagram for our new galaxies compared to the 
Gallego et al. (1997) emission line sample and the Koo et 
al. CNELGs. This shows that new compact galaxies are 
actively star-forming as they closely follow the general H II 
region relationship. They display generally high excitation 
as measured by [OlII]/H/3, putting them in the HUH class 
more than the starburst nucleus class as defined by Gal- 
lego et al. The new compact galaxies have very similar 
properties to the CNELGs. We do not draw any conclu- 
sion from the lack of low excitation objects: this may be a 
selection effect as we are only considering the unresolved 
galaxies in our survey in this sample. Similar conclusions 
can be drawn from a plot of the excitation against absolute 
magnitude. 

We also found four compact galaxies which did not have 
strong emission lines and are therefore not shown in the 
excitation diagrams. These are unlikely to have been de- 
tected in previous work on compact galaxies because of 
their weak line emission and generally redder colors which 
would exclude them from most QSO surveys. One of 
them, J0339— 3547, has a post starburst spectrum with 
strong Balmcr absorption lines. We have used the two 
ratios of absorption feature strengths CallH+He/CallK 
and H6/FeI4045 to estima te the age of the galaxy since 
the end of the starburst ( Lconardi fc Rose 1996| ). For 
J0339— 3547 these ratios are 0.89 and 0.69 respectively. 
For the Leonardi & Rose model of a starburst lasting 



8 CTIO is operated by the Association of Universities for Research in Astronomy Inc. (AURA), under a cooperative agreement with the 
National Science Foundation as part of the National Optical Astronomy Observatories. 

9 We adopt H = SOkms" 1 Mpc -1 and go = 0.1. 
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0.3 Gy, this is indicative of a very strong starburst about 
1 Gy after the end of the burst. This galaxy may rep- 
resent an intermediate stage between the CNELG types 
and the dwarf spheroidal remnants proposed by Koo et 
al. (1995). By comparison, J0340-3510 has ratios of 1.12 
and 0.97, and a composite spectrum of 60 normal early 
type galaxies from the survey has values of 1.10 and 0.95, 
both consistent with the Leonardi & Rose values for an 
old population. 

4. NUMBERS OF COMPACT GALAXIES 

To estimate the true numbers of compact galaxies from 
our sample we must first make a completeness correction. 
The color distributions in Figure [l] show that the compact 
galaxies are all bluer than Bj — Rp = 1.6, so the best cor- 
rection can be taken from the fraction of blue (Bj — Rf < 
1.6) stellar objects observed; to Bj = 19.7 we observed 
31% of the blue stellar objects, so the corrected number of 
compact galaxies to this limit is 7 4- 0.31 = 23 ± 9, equiva- 
lent to a surface density of 7±3 deg -2 . The surface density 
to Bj = 20.2 (completeness of 35%) is 12 ± 3deg~ 2 . 

We can use our observations of field galaxies to estimate 
the fraction of normal galaxies represented by the compact 
galaxies. At redshifts z > 0.2, the Ha line is shifted out of 
our 2dF spectra and our galaxy sample is less complete, so 
we define a "local" comparison field sample to be all galax- 
ies in the field beyond the Fornax Cluster but at redshifts 
z < 0.2. We successfully observed 992 resolved objects to 
Bj = 19.7, of which 675 were "local" background galax- 
ies: this is the minimum number of local field galaxies. 
There are 1296 - 992 = 304 resolved objects still to ob- 
serve, so the maximum number of local field galaxies is 
675 + 304 = 979. The number of local (z < 0.2) back- 
ground galaxies to our limit is 827 ± 152. The expected 23 
compact galaxies among the stellar objects therefore con- 
stitute 2.8 ± 1.6% of the local galaxy population. These 
would be missed by any surveys of objects classified by the 
APM as "galaxies" from UK Schmidt photographic data 
with 16.5 < Bj < 19 .7. These selection cr i teria are typic al 
of previous surveys (Maddox et al. 1990b, Colless 1998). 

This conclusion is for a magnitude, not volume, lim- 
ited sample, but in fact the compact galaxies do occupy a 



similar volume of space to the general run of galaxies to 
this magnitude limit. For instance, the 2dF galaxy red- 
shift survey, limited at a very similar Bj to ours, has a 
mean redshift of 33000 km s" 1 ( |Colless 1998[ ), close to the 
mean of the compact galaxies. The galaxy catalog used 
for that survey has a mean surface density of 222 deg -2 
at Bj < 19.7 (M. Colless, private communication), for 
which the compact galaxies would represent an additional 
3.2 ±1.2%. 

Only about half of the local galaxy sample exhibits sig- 
nificant emission line features, so the new compact galaxies 
constitute a larger fraction of emission line galaxies (3- 
5%). They contribute an even larger fraction of strong Ha 
emitters with EW(Ha) > 40 A, so may make a small but 
measurable contribution to the local star formation rate. 

The new compact galaxies have very similar absolute 
magnitudes, sizes and (in most cases) emission line prop- 
erties to the Koo et al. (1994,1995) CNELGs. The dis- 
tributions shown in Figure ^ suggest that they are a con- 
tinuation of the CNELGs to lower redshifts and brighter 
apparent magnitudes. A better way to compare these pop- 
ulations is by the volume density. Koo et al. (1994) derive 
a CNELG density of 7.5 x 10 -5 Mpc~ 3 compared to the 
value of 17 x 10 -5 Mpc~ 3 for local HUH plus DHIIH galax- 
ies (Salzer et al. 1989). For our sample of compact galax- 
ies, using the 1/V max method we obtain a similar value 
of (13 ± 4) x 10~ 5 Mpc -3 . These results are consistent 
with the respective galaxy populations being related, but 
we prefer not to draw any conclusions until we can ana- 
lyze the compact galaxies in the context of our complete 
sample. 

We thank our referee for detailed suggestions which 
greatly improved the presentation of this work. We also 
thank Dr. Lewis Jones for helpful discussions and Dr. Jesus 
Gallego for providing data for Figure |3[ SP acknowledges 
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Fig. 1. — Histograms showing the completeness of our observations as functions of magnitude and color for stellar and 
resolved objects. The colors were taken from the APM catalog using magnitudes derived from stellar profile fitting, so 
are only indicative for the resolved objects. In each case the upper histogram is the total number of objects and the lower 
gives the number observed and identified. The triangles indicate the locations of the new compact galaxies. 

Fig. 2. — Distribution of absolute and apparent magnitudes of the new compact galaxies (triangles) compared to the Koo 
et al. (1994,1995) CNELGs (crosses) as a function of redshift. 

Fig. 3. — Emission- line diagnostic diagram of [OlII]/H/3 vs. [Nil] /Ha. The ne w compact galaxies (triangles) are compared 
with CNELGs (crosses) and a range of local galaxies from the UCM survey ( pallego et al. 1997| ). 



Table 1 

Properties of the Compact Galaxies 
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